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ABSTRACT
FREDERICK, v. RAY. Changes in the
Algal Flora of East Harbor, Ottawa
County, Ohio since 1900. Ohio J. Sci.
75(5): 229, 1975.
Algal collections from East Harbor in
1974 were compared with those taken
prior to that year. Of the 265 algal taxa
reported from East Harbor from 1900 to
1974, only 18% are common to the 1974
study and to all previous studies. Only
31% of the 151 taxa identified before
1974 are present at East Harbor. These
differences may be attributed to natural
and man-induced disturbances. How-
ever, the major impact would stem from
man-induced disturbances in general and
the 1967 dredging of the harbor in par-
ticular. This deepened the harbor, des-
stroyed most of the submersed vegeta-
tion, and altered the water chemistry.
The changes in the algal flora are sig-
nificant and may reflect man's effect
on the aquatic environment.
The aquatic vegetation of the western
end of Lake Erie has been investigated
since the late nineteenth century. The
existance of early collection data makes
it possible to study changes in the aquatic
flora over the past eighty years. When
the results of these studies are completed,
a relative indication of man's influence
on the aquatic environment, particularly
in Lake Erie, can be demonstrated.
In 1945, East Harbor State Park be-
came the first state-owned park on Lake
Erie. The park is located 72 kilometers
east of Toledo and 130 kilometers west
of Cleveland, at the junction of State
Routes 163 and 269, near Sandusky,
Ohio. The park encompasses 653 he-
tares including 277 hectares in East
Harbor. The harbor is nearly land-
locked, with only a narrow channel con-
manuscript received April 4, 1975, and in
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necting it to Lake Eric (fig. 1). Dredg-
ing operations commenced in 1946 and
continued as small localized operations
until 1967 when major dredging was
initiated. Prior to 1967, the harbor was
generally less than two meters deep and
submersed vegetation grew to the sur-
face. Channels had to be opened to al-
low fishermen access to parts of the
harbor. The 1967 dredging deepened
the harbor, and most of the submersed
vegetation the harbor once contained
was destroyed. A more complete his-
tory of East Harbor is provided by
Moore (1973).
The vascular aquatic flora of East
harbor has been studied by a number of
authors from Moseley (1899) to Moore
(1973). Moore consolidated previous
studies of East Harbor with his study
into an extensive history of the harbor
and its vascular flora. He found a great
many changes had occurred in the vas-
cular flora since the study by Moseley,
which he attributed to
". . . such natural disturbances as wind
and water erosion, fluctuating watei levels,
invasion, establishment, and spread of
species new to the park, or rampant ex-
pansion of species already present." In
addition, the changes may " . . . have also
been effected by man-induced disturbances
such as dredging the harbor, fish control,
revegetation attempts, clearing and filling
sections of the beach area, power boats,
. . . and erosion of trails and heavily traf-
ficked areas."
Early studies of the algae of East Har-
bor date back to Jennings (1900). Nu-
merous authors have collected in the
harbor area since that time but no exten-
sive collections have been made since the
early 1940's when C. E. Taft (1942) with
his students from the Franz Theodore
Stone Laboratory, collected the area.
My study compares the algal flora of
East Harbor in 1974 to that prior to the
mid-1940's and attempts to show that
past and present algal flora data may
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FIGURE 1. Map of East Harbor reflecting high water levels encountered
during the 1974 study period with collection sites indicated by
letters. (Modified from Moore, 1973).
provide some insight into the effect of
man on the aquatic environment.
METHODS
Algae were collected weekly from East Har-
bor from mid-June through mid-August, 1974.
Methods, sites, and season of collection were
identical to those of earlier authors (Taft,
1975, personal communication). Net samples
were taken with a number 25 standard, silk
bolting cloth net (83 meshes per centimeter).
Euplankton, tychoplankton, benthic, and grab
samples were returned to the Franz Theodore
Stone Laboratory and preserved in Transeau's
fixative (6 parts water, 3 parts 95% ethanol, 1
part formalin). Wet mounts of the specimens
were examined with a microscope, using mag-
nifications up to 1200 diameters and voucher
specimens were deposited at The Ohio State
University, Department of Botany.
Water at P^ast Harbor was analysed chem-
ically at three locations on each of two occa-
sions. A Hach Model AL-36B, portable test
kit was used to determine total acidity, total
alkalinity, total hardness, carbon dioxide, dis-
solved oxygen, and pH (table 1). Nitrate and
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nitrite nitrogen in addition to ortho- and meta-
phosphate concentrations were determined
using a Hach Model DR-EL, Direct Reading
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peratures were also recorded. The system of
classification used in this study is that of
Prescott (1968).
RESULTS AND DISCUSSION
The algae identified during this study-
were compared with algae previously re-
ported from East Harbor. The list of
East Harbor algae presented in Taft and
Taft (1971)—to which the present algal
list is compared—was compiled from
three major sources, Pieters (1902), Tif-
fany (1934, 1937), and Taft (1945) and
several other sources (table 2) and covers
the studies before 1971. Only four addi-
tional algal taxa were reported from
East Harbor after 1945, and prior to
this study (Taft, 1964; Taft and Taft,
1971).
TABLE 2
Algae reported from East Harbor by Frederick (1974) and in all previous studies as compiled in




















































































C. macilentum de Breb. Pb
C. moniliferum
Ehrenberg Tn
C. parvulum var. an-
gustum West & West —
C. Subulatum (Kuetz.)
de Breb. Pb
C. venus Kuetzing Pb
C. venus var. incurvum
(de Breb.) Krieger —
Coelastrum cambricum
Archer EtcPb
C. microporum Naegeli G
C. reticulatum (Dang.)
Senn, Es
C. sphaericum Naegeli —
Coleochaete orbicularis
Pringsheim —
C. scutata de Breb. —




C. birentum var. minus
Hansgirg Bs
C. dentatum Wolle —
C. fontigenum Nordstedt —
C. formulosum Hoffman TEBs
C. geometricum var.
suecicum Borge Pb
C. granatum de Breb. Tc
**Sample Area (see Fig.
b—Beach area
c—Causeway
G—General in distribution e—East end
P—Back water pools n—North end


























***Indicated by the authors to be general in distribution in the western Lake Erie area and
not specifically listed from East Harbor.|New records of algae from western Lake Erie.




























C. variolatum var. cata-
ractarum Raciborski
Crucigenia tetrapedia










































































































K. elongata G. M.
Smith





































P . biradiatum Meyen
P. boryanum (Turp.)
Meneghini
P . boryanum var. lon-
gincorne Raciborski




P. duplex var. gracili-
mum West & West
P . duplex var. reticu-
latum Lagerheim
fP. duplex var. rugu-
losum Raciborski
P . integrum Naegeli
P . simplex (Meyen)
Lemmermann
P. simplex var. duode-
narium (Bailey)
Rabenhorst
































































































f.S. arcuatus var. capi-
tatus G. M. Smith
S. arcuatus var. platy-
disca G. M. Smith
S. armatus (Chod.) G.
M. Smith
























































































































































C. braunii f. schweinitzii




C. vulgaris L. emend.
Wood & Imahori
C. zeylanica var. sejuncta
(A. Braun) R. D.
Wood
C. zeylanica f. michauii
(A. Braun) H. & J.
Gr.












































































N. furcata (A. Braun)
R. D. Wood
N. gracilis var. confer-
vacea de Breb.





























































































































































tC. limneticus var. dis-
tans G. M. Smith















jG. aponina var. deli-
catula Virieux
G. lacustris Chodat





































































































































































One hundred sixty-one algal taxa were
identified during the 1974 study, while
151 taxa were compiled by Taft and
Taft (1971). Of the total 265 taxa re-
ported from East Harbor, only 18% (47
taxa) were common to this and all pre-
vious studies. Only 31% of the 151
taxa identified before 1974 were present
at East Harbor (table 3). Major dif-
ferences in the algal flora occurred in the
epiphytic taxa, desmids, planktonic Chlo-
rococcales, Charophyceae, Euglenophy-
ceae, Dinophyceae, and several genera in
the Myxophyceae (table 2).
Very few epiphytic algal taxa were
found at East Harbor during this study,
while many were reported by Tiffany
(1937). Bulbochaete spp., Chaetophora
incrassata, Characium sieboldii, Coleo-
chaete spp., Draparnaldia glomerata, and
others were found quite commonly on
the abundant submersed macrophytes
(Tiffany, 1937). However, none of those
taxa were present in the writer's 1974 col-
lections. The absence of these taxa may
be attributed directly to the 1967 dredg-
ing which destroyed most submersed
macrophytes and, therefore, destroyed
suitable epiphytic algal substrates.
Fifty-four desmid taxa were recorded
TABLE 3
Taxa reported from East Harbor prior to 1972 as compared to
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from East Harbor in all studies; however,
only six taxa (11%) were common both
to the 1974 study and to all previous
studies. In addition, the genera, Desmi-
dium, Hyalotheca, Micrasterias, Penium,
and Euastrum reported by Taft (1945)
were not found in the 1974 collections.
As these genera are primarily tychoplank-
ton forms, one might expect that, with the
almost total destruction of tychoplankton
habitats during the harbor dredging, most
tychoplankton forms may have been de-
stroyed. Nearly equal numbers of taxa
in the genera, Closterium, Cosmarium,
and Staurastrum were identified in this
study and in Taft (1945), but only six
taxa (14%) were common to both (table
2). These differences possibly may be
attributed to the 1967 dredging or, more
specifically to the changes in water
chemistry in the harbor as a result of that
dredging.
A valid comparison between East Har-
bor water chemistry during earlier col-
lection periods and the present is impos-
sible due to the lack of historical water
chemistry data. A theoretical picture
of the water chemistry of East Harbor
prior to 1967, however, can be obtained
utilizing the observations of several
investigators. Ruttner (1963) noted that
several phenomena coincide with an in-
creased rate of photosynthesis (due to
masses of submersed macrophytes) the
most evident being increased oxygen con-
centrations and decreased carbon dioxide
concentrations. In addition, in the pres-
ence of aquatic macrophytes, concentra-
tions of salts will decrease, while alka-
linity and pH will increase according to
the principles Ruttner outlined. He
further stated that, "in sunlit pools with
luxuriant submersed vegetation [a situa-
tion found in East Harbor until 1967]
. . . the pH can be raised up to about
11." Fitzgerald (1969) postulated that
mats of submersed macrophytes such as
Potomogeton and Ceratophyllum may act
as nitrogen sinks, limiting the available
nitrogen for the plankton algae. Both
Ruttner and Fitzgerald suggested that,
in the presence of abundant aquatic
macrophytes, the complete disappearance
of nitrates in eutrophic lakes is not
unusual. Hutchinson and Bowen (1947)
found that concentrations of phosphorus
are similarly affected.
Welch (1952) noted several other ef-
fects that abundant submersed macro-
phytes had on aquatic environments.
He stated that, "removal of larger sub-
mersed plants from a lake results in in-
creased and continued turbidity of the
water." This phenomenon was con-
firmed earlier for East Harbor by pre-
vious investigators who indicated that
the water was always quite clear when
they collected the harbor. Water trans-
parency for the harbor during my
study was rarely greater than one meter.
Welch also noted that large mats of
aquatic plants function in the reduction
of local wave action, a factor that may
affect shoreline algae and, perhaps, algal
epiphytes on the few submersed aquatics
remaining in East Harbor.
Assuming that the above phenomena
have occurred in East Harbor, the pic-
ture of pre-1967 water chemistry is
radically different than that of the
present. One would expect that the
oxygen concentration, alkalinity, and pH
were greater prior to 1967, while carbon
dioxide, salts, nitrogen, and phosphorus
concentrations (in addition to local wave
action and turbidity) were less in the
harbor before dredging. Any one of
those factors could have a great effect
on the composition of the algal flora, as
nutritional and other requirements vary
with different algal taxa.
Other factors may account for the five-
fold increase in the Euglenophycean taxa
encountered during this study. As re-
flected in table 2, most representatives
in that class were collected from very
shallow backwater pools in the beach
area. This area was created during the
1967 dredging as the suction-dredge ma-
terial was deposited on the harbor side
of the old beach area (Moore, 1973).
The pools resulted from the recent high
water levels of Lake Erie and were lack-
ing during the previous studies of East
Harbor (fig. 1).
The more complete data available on
the Charophyceae of East Harbor pro-
vide a better overview of the changes
that have occurred in that algal class
during the past seventy-five years.
Pieters (1902) reported five Char a taxa
and five Nit ell a taxa, while Wood (1947)
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reported only Chara zeylanica f. michauii,
Nitella acuminata f. subglomerata, N.
megacarpa, and N. tenuissima (all four
were reported by Pietcrs, 1902). Chara
spp. and Nitella spp. made up a good
deal of the submersed flora of the har-
bor during the early 194()'s.. Only C.
braunii f. schweinitzii and C. vulgaris,
however, were identified in the 1974
collections, and those taxa were found
only in the shallow backwater pools
and not in the harbor proper. Deep-
ening of the harbor and destruction
of existing Chara taxa during the 1907
dredging can account for the more recent
changes in the Charophyceae of East
Harbor. Charophyceae flora changes oc-
curring between the studies of Pieters
and Wood cannot be adequately ac-
counted for, as Moore (1973) records no
man-induced disturbances during that
interval. Some mowing of the aquatic
vegetation in the early 1940's has been
reported but the extent of the mowing is
not known.
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